Introduction and literature review
Social laboratories are initiatives designed to address social challenges. According to Romero-Frías and Robinson-García (2017), they are characterized by: -their social nature, integrating differing human perspectives in collaborative work; -an experimental approach, involving the application of innovation methods; and -a systemic approach to the generation of scalable solutions that address global problems.
Their objective to transform and achieve social innovation (European Commission, 2014) give them an eminently political nature. In recent decades, the development of data-driven, digital, open innovation approaches (Chesbrough, 2003; 2006) that use co-creation to integrate society as a whole, has fully involved institutional agents when it is they that control the implementation of policies and actions in society.
One way in which this has been achieved is through institutions such as the Living Labs (Almirall; Wareham, 2008) which, according to the European Commission (2009), place the user at the center of the innovation process by coordinating with other stakeholders, integrating varied interests, and integrating multiple skills and abilities in decision making. This approach to innovation is based on the quadruple helix model (government, industry, academia and civil society) (Cavallini et al., 2016) , in which multiple knowledge transfer processes give prominence to civil society.
In this context, in the last 10 years several public administrations have opted to incorporate these innovation initiatives into the system itself through the creation of policy labs or government laboratories (hereinafter, laboratories or labs). These laboratories place citizens at the center of their innovation processes, promoting more proactive institutions that seek to recover the political initiative and increase people's confidence in them. This movement finds an echo in the New public management (Barzelay, 2001 ) that began to develop in the 1980s, although it has been molded and shaped by current trends in open government (Lathrop; Ruma, 2010) , digital participation and e-government (Dunleavy et al., 2016) .
The European Commission has founded its own policy lab which, according to its website, is defined as a "collaborative and experimental space for innovative policy-making".
https://blogs.ec.europa.eu/eupolicylab
It is described as both a physical space and a way of working that combines foresight, behavioral insights and design thinking in order to explore, connect and find solutions that develop better policies. In June 2016, the European Commission Joint Research Centre, on which the lab depends, published a report entitled "Public policy lab in European Union member states", prepared by Conseil & Recherche and the 27e Région (France) (Fuller; Lochard, 2016) . The aim of this report was to map the policy labs operating in the EU at that time and their principal topics of interest (p. 2).
The report characterized the policy labs to be included in the study as follows: -"Policy labs approach policy issues through a creative, design, or user-oriented perspective. -Policy labs strive to organize experiments to test proposed policies. -Policy labs work for or within a government entity or public administration, and contribute to the shaping or implementation of public policies."
Apart from the EU lab, another significant case included in the report is the UK Policy Lab, located within the United Kingdom government's Cabinet Office -the department directly supporting the Prime Minister and Cabinet. https://openpolicy.blog.gov.uk/category/policy-lab Its goal is to provide government departments at all levels with new techniques to generate public policies and design services that take account of people's experience, data analysis and new digital tools.
To sum up, policy labs are framed within an open government strategy in a digital society that employs innovation methods in a quadruple helix knowledge transfer approach.
From a political perspective, these labs can play an important role in promoting public agendas by both identifying issues that are important to citizens and by placing issues at the center of social debate (McCombs, 1996) . Policy labs conduct political communication by using the digital tools characteristic of our times (Castells, 2013) . By examining the expression of their digital identities on Twitter -one of the most open networks for research purposes and one that is also intensively used in politics-we hope to discover the relationships between these organizations and the characteristics of their communication on this network.
The use of Twitter as an indicator of a given activity's impact Policy labs place citizens at the center of their innovation processes, promoting more proactive institutions that seek to recover the political initiative and increase people's confidence in them has been studied significantly in the evaluation of science through altmetrics (Priem; Hemminger, 2010; Torres-Salinas; Cabezas-Clavijo; Jiménez-Contreras, 2013). Research has focused on the nature of the network (Robinson-García et al., 2017) , on generating university rankings as a function of research paper dissemination (Torres-Salinas et al., 2018) , and on how universities communicate on social media (Zarco; Del-Barrio-García; Cordón, 2016). However, in addition to its use in the field of science, Twitter is an especially interesting network when measuring other types of audience (Wilsdon et al., 2015; Sugimoto et al., 2016) or social phenomena. This overflow from altmetrics into other topics had previously occurred in areas such as webometrics -a website-centered approach to digital information. Webometric studies have analyzed political phenomena such as the European election results (Romero-Frías; Vaughan, 2010) or the relationship between media and political parties in a given country (Romero-Frías; Vaughan, 2012).
Another framework relevant to the present study is network theory, which enables us to understand and model complex systems (Lewis, 2008) . Different types of graph allow us to reflect real world behavior through individual participants (nodes), and the implicit or explicit relationships established between them (edges), which may exhibit some directionality. Twitter is one such complex system in which we can observe relationships such as the explicit connections of retweets and mentions (Del-Fresno-García, 2014) . These connections can be analyzed from two general perspectives by focusing on: -social relations between individuals through established follow-up connections (taking account of the double, bi-directional follower/friend perspective); -the information network based on tweet-produced interaction (Myers et al., 2014) .
The objective is to be able to describe and then study a given community's underlying network and to analyze this via a range of indicators and statistics. This approach has been used in the field of politics, for example: -to determine the political orientation of the media (Golbeck; Hansen, 2011); -in case studies of politicians' discourse on social media (Ceron, 2017) ; -in the organization of dialog between political parties through Twitter (Martínez-Rolán; Piñeiro-Otero, 2017); -in the relationships established by parliamentarians (Cherepnalkoski, 2016; Weaver et al., 2018) ; -or as a basis for social laboratory case studies (Romero-Frías; Robinson-García, 2017).
The present literature review allows us to connect different areas of research in order to apply network theory to the analysis of the new forms of political innovation that policy labs represent in Europe. The present article focuses on the structure of the European network of policy labs on Twitter and, through content analysis, suggests what may be some of the key elements in this communication.
Research questions
The present study aims to answer the following questions about policy labs in Europe:
-What is the profile of those policy labs that have a presence on Twitter? -What is the nature of the network of relations between European policy labs on Twitter? -What is the content of policy lab publications (tweets)?
Material and methods

Data collection on Policy Lab accounts
The European Commission report entitled "Public Policy Labs in European Member States" identifies 64 laboratories in 13 EU countries and maps their geolocations. It includes the European Commission's own policy lab and 13 others considered "influencers"-that is, EU-based institutions missing from the sample because they have no direct link to a government institution.
For each policy lab, a search of their profiles was done on Twitter through Google, the Twitter search engine itself and links on their own institutional websites. As of April 1, 42 laboratories of the 64 identified were found, including the European Commission's lab. Throughout this work Twitter users are employed in order to identify the entity in question when they are mentioned in the text.
In some cases, profile identification is difficult since the associated Twitter accounts may not be exclusively dedicated to the policy lab's activity. Labs with descriptions suggesting they are primarily or exclusively used by the policy lab have been included. Similarly, we have included labs with a wider scope if their profiles or tweet content refer to innovation activities covered by the abovementioned definition. Two such labs are @CityofOdense and @AlpesMaritimes. In some cases, we have found accounts have been redirected (for example: the @UKTIIdeasLab profile is now redirected to @TradeDesignLab -the latter is the one included in the present study). Another case is the UNHCR policy lab, linked globally to the United Nations but located in the report on a Refugee Aid Initiative in Greece (@UNHCRInnovation). This lab has been included in the network analysis study but omitted from the tweet content analysis because its worldwide profile means that its message transcends the European level.
Henceforth, our analysis and the results presented will be based exclusively on the reduced sample of 42 laboratories.
Data processing
The data gathered from Twitter (profiles and connections between them) were collected through scripts programmed in python using the Tweepy and Twython libraries. Descriptive statistics of mean, standard deviation (SD) and follower/friend ratios were calculated from the follower and friend data.
The policy lab network was analyzed by visualizing the connections between the 42 laboratories by using Gephi (Bastian; Heymann; Jacomy, 2009). https://gephi.org Our content analysis of Twitter publications has shed light on the nature of this type of institution
The graph obtained has allowed us to analyze how the laboratories identified in the report are related to each other and to determine which network nodes are most relevant in order to obtain an overview. This analysis has been conducted on a global scale, considering the network as a whole, and at the local level, paying attention to each node or lab.
At a global level, the diameter, maximum eccentricity (greatest distance) between all node pairs, and the mean distance between all of them, have been calculated. For each node the degree of entry (indegree) and exit (outdegree) have been considered; these are equivalent to account followers and friends, respectively. Likewise, eigenvector centrality has been calculated (Bonacich, 2010) . This is determined through an iterative process, which takes into account the degree of entry and exit of a node and the quality of these connections. We have weighted those accounts that are followed by others that are considered relevant.
To identify the labs' key communication issues, the tweet content published by each profile was analyzed. Data was extracted by downloading, as of April 24, 2018, the maximum number of tweets allowed for each account: a total of approximately 3,200. Hence, in many cases, all the tweets from a given lab have been analyzed; failing that, we have analyzed a broad, recent sample of their tweets. A total of 73,375 tweets were downloaded, including own tweets (44,083) and retweets from other accounts (29, 292) in any language. In order to simplify our analysis, we have only included each lab's own tweets published in English (21,391).
For our content analysis of tweets (see section 4.3), a text mining process has been carried out using the Knime software (version 3.5.3), in order to clean tweet texts by eliminating URLs, hashtags, mentions of other accounts, numerical values, special characters and punctuation marks. https://www.knime.com Next, a grammar tag was assigned to all terms with a minimum of three characters by using OpenNLP. http://opennlp.apache.org Empty words (pronouns, prepositions, conjunctions, etc.) were then eliminated and the terms were lemmatized using the Snowball library to reduce them to their root forms. http://snowball.tartarus.org Finally, the relevant keywords have been extracted from the tweets of each account through a process based on the KeyGraph algorithm (Ohsawa; Benson; Yachida, 1998). Table 1 summarizes the methodology used in this process.
Results
Description of policy labs and their profiles on Twitter
Of the 42 laboratories with a presence on Twitter, only the EU Policy Lab is located at the European level. The remaining 41 laboratories are geographically distributed as follows: 14 in the United Kingdom, 8 in France, 5 in Denmark, 3 in Spain, 3 in the Netherlands, 2 each in Italy and Sweden, and only 1 each in Finland, Greece, Ireland and Portugal.
English is the language of reference used on Twitter accounts. In 20 labs, at least 50% of tweets are published in English (Table 3) . In 15 labs, more than 90% of tweets are in English. The other principal languages used are: French, with at least 8 labs; Danish and Dutch with 3 each; minority languages include Catalan, Finnish, Italian, and Spanish, among others.
The European Commission report identifies institutional linkage as follows: 10 labs belong to local institutions, 6 metropolitan, 5 regional, and 14 national; 7 are related to other institutions.
It also identifies various reference topics to which laboratories devote their efforts. From the most to the least frequent, these are: -public sector innovation (19 labs); -healthy and inclusive societies (15); -jobs and growth (11); -digital economy and society (10); -local and regional economic development (8); -transport and mobility (5); -resource efficiency, circular economy and waste (4); -culture and education (4); -migration, integration and humanitarian aid (1); -finance and taxes (1). Figure 1 shows the network based on the follow-up relationships between the policy labs included in the sample; that is, the connections established between the nodes that are both indegree (follower) and outdegree (friend) and which are reflected by the directions of the arrows on the edges. A total of 29 connected labs are identified (13 nodes have no connection of any type and do not appear in the network). Furthermore, some 77 connections, or edges, are established between labs (the "degree", seen in Table 2 ). The mean number of connections between labs (the sum of indegree and outdegree) is 5.31; the standard deviation of followers (indegree) is 3.17, and of friends (outdegree) 2.25. This indicates greater dispersion in the number of followers each lab receives by comparison with the number of laboratories followed. This could be explained by the greater concentration of followers in some policy labs (MindLabDK with 15 followers or PolicyLabUK with 9), while others are scarcely followed (in fact, Sitrafund, millenaire3, poleemploi_lab and LEFfuturecenter have no followers). The network diameter is 6, which indicates the maximum number of connections between the two most distant nodes.
Network analysis of relations between European policy labs
The mean distance between all nodes is 2.75.
Node color in the network indicates the degree of eigenvector centrality, ranging from 0 (blue) to 1 (red). The size of each node is calculated from the indegree. The thickness of the edges has no specific meaning.
In Figure 1 , two main clusters are identified by the number of nodes attached. In the upper part, we can see a set of 9 UK-based labs, among which PolicyLabUK occupies the central position. This lab defines itself as a creative space in which various UK government teams can design and test new ways of working. It is a policy lab created in 2014 within the UK government Cabinet Office, which implies that it is situated at a very high level in the administration. It is the node with the second highest eigenvector centrality in the figure (0.830), which explains the relevance of its position globally and, particularly, within British politics. Within the same cluster, iLab_NI, the public innovation laboratory of Northern Ireland, is ranked fourth by centrality (0.737). It was set up in 2014 in the government's Finance Department in order to innovate in developing public services.
Figure 1. Network of connections between European policy labs
On the left, a second cluster consists of the 7 French labs. Unlike the British labs, they do not occupy outstanding positions among the European labs on the basis of their centrality. The language variable is the key when assessing the position and scope of lab communications. For example, no French lab is followed by British labs, whereas the opposite is not the case. The labo_GrandEst lab connects these two clusters by linking directly to silkteam and PolicyLabUK and indirectly to the Swedish ExperioLab, which also tweets in English.
Both clusters have strong connections with MindLabDK -a
Danish laboratory created in 2011 by several government ministries-which occupies the position of greatest centrality. It has a website in English and publishes approximately 50% of its tweets in English.
http://mind-lab.dk/en
Also noteworthy is its high number of retweets with respect to total tweets (47.25%). In June 2018, this laboratory announced the cessation of its activities at the end of the year. Next to MindLabDK we find another Danish lab, cphsolutionslab, and two small clusters corresponding to the Netherlands and Spain, with 3 and 2 labs respectively.
The other organizations on the map present different types of interconnection. Note the case of EU_ScienceHub, the profile that represents the European Union's policy lab: it is only followed by two laboratories in the sample, which suggests a degree of irrelevance in the global panorama that we have analyzed. Table 2 shows the first 10 labs ordered by eigenvector centrality in the network and the indegree, the number of connections they receive; the outdegree, the number of connections they make; and the degree (the sum of indegree and outdegree). As previously stated, the most central actors on the board are MindLabDK and PolicyLabUK. The Dutch lab Kennisland stands out in third place. Among the top 10, we also find one Spanish lab, BarcelonaLab and one French lab, fabriqueH. The European Commission lab, which is ranked 17 out of 29, has been included in the table to indicate its position relative to the principal laboratories.
Two laboratories that do not currently publish on Twitter appear in Figure 2 as being interconnected with others: DCCStudio and TradeDesignLab (March 2017).
Content analysis of tweets
In our content analysis of policy lab tweets, only publications originally in English have been included. The diversity of languages limits the scope of our results. However, despite this, 20 laboratories in the sample publish at least 50% of their tweets in English (Table 3) . We have decided to include MindLabDK given its importance and the fact that its percentage of English-language tweets (49.63%) is very close to this limit. We consider our analysis to be representative of the discourse and nature of the policy labs as political institutions. Table 3 shows, as at April 24, 2018, the data obtained by extracting the approximately 3200 most recent tweets from each account. The percentage of retweets over total tweets allows us to observe the extent to which policy lab published content is original or based on the selection of third-party content.
In this analysis, UNHCRInnovation has been excluded because as a UN agency, its message is not specifically connected to the European level under study. The EU_ScienceHub account linked to the EU Policy Lab has also been excluded because it is not a national lab.
To determine the most representative terms in our sample's policy lab tweets, we applied the KeyGraph algorithmwhich takes account of both frequency and co-occurrenceand identified the 150 most relevant terms in the set of English-language tweets (21 391 Our study draws a map of connections between the 42 laboratories with a presence on Twitter, showing the existence of a territorial imbalance in the identification of these initiatives, with a high number of British (14) and French (8) 
laboratories
The development of genuine profiles is important for network positioning and for labs to receive social recognition terminological root may appear more than once in various Twitter accounts or various grammar tags. After unifying the roots, the 150 most relevant terms were edited down to a cloud of 92 unique roots (Figure 2 ). The size of each term in the map corresponds to its total KeyGraph algorithm score, adding together the scores of those terms that are repeated. Color indicates the individual maximum scores for each term, with no aggregation for equivalent roots. Table  4 shows the first 15 terminological roots ordered by total score, which determines size. Frequency indicates the number of times a root appears in different accounts among the 150 most relevant terms extracted from all accounts.
Eight of the first 10 roots correspond to a semantic field that is typical of the concept of the policy lab as an institution; these are: peopl, servic, data, digit, design, govern. Other roots linked to this theme have also been identified : innov, creativ, user, lab, team, idea, polici, communiti, social, public, citizen, chang The most prominent term is thank, which has been classified within a set of terms that denote actions, among which we also find : look, help, follow, save, mention, requir, export, do, check, think, upload, vote, purchas. In ninth position is festiv, which refers to a set of terms linked to events and actions organized by the labs. Other In section 4.2, we have described the network of relationships between European policy labs on Twitter. Of the 42 labs in the sample, 13 lack connections with the rest, which is an indicator of the connectivity of the European lab community on Twitter. Those clusters that do appear are based on national and linguistic factors. Note that the most central roles in the network correspond to laboratories with well-developed digital identities (at website level, in terms of social network profiles, and so on) and national coverage. This is the case of MindLabDK (corresponding to the Danish government) and PolicyLabUK (British government), which occupy the first two positions. The European policy lab occupies a peripheral position with few connections to other entities. One possible explanation lies in the fact that its own digital identity is underexposed on social networks, where its reference profile corresponds to the European Commission
The most central roles in the network correspond to laboratories with well-developed digital identities and national coverage Figure 2 . Cloud of the 92 unique terminological roots drawn from the 150 most relevant words within this group would be : deadlin, week, workshop, event, day, time, and agenda. Other sets of words refer to topics typically addressed by laboratories. Some of them are : borough, fund, aid, children, support, world, custom, free, cultur, justic, technolog, robot, dementia, copyright, smart, solut, busi, futur, local, tool, network , challeng, democraci, polici 
Discussion and conclusions
This article focuses on policy labs, relatively recent political institutions that are gaining relevance due to society's demands for innovation, openness and citizen participation at different levels of government (Rodríguez-Bolívar, 2017) .
We have taken a global approach to the phenomenon of policy labs by taking the European Commission report (Fuller; Lochard, 2016) as a reference. Our study draws a map of connections between the 42 laboratories with a presence on Twitter, showing the existence of a territorial imbalance in the identification of these initiatives, with a high number of British (14) and French (8) laboratories and the far more limited presence of southern, central and eastern European countries. Although these differences could be attributed to the methodology used to identify labs in the report, we believe it appropriate to explore the role that the administrative culture (Dwivedi, 2005) ) . In relation to the use of Twitter (sec-scope of our study. However, many of the accounts do choose English as their first or second option language.
Given that most of the entities analyzed have a national (14) and local (10) scope of action, future research could explore whether laboratories whose main language is not English, use it in order to internationalize problems or the results of their activities or to participate in a global conversation.
In future work, we will consider moving forward to develop a more thorough policy lab identification system, which would allow us to update our portrait of EU labs, their objectives, and their impact.
We will seek to adopt a more detailed approach to our linguistic analysis and investigate the use of hashtags -which could help overcome the linguistic limitations. By conducting a co-occurrence analysis of tweets and a longitudinal study of communication on Twitter we would hope to learn much more about the policy labs' activity.
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A further point of special interest is the fact that the largest cluster, and some of the most central labs in the network, correspond to the United Kingdom which, once Brexit has been completed, will be outside of the EU. This could considerably weaken the scenario for the current set of European institution-based policy labs.
Our content analysis of Twitter publications (section 4.3) has shed light on the nature of this type of institution. On the one hand, we find that the most frequently-used terms reinforce their purpose, aligning their tweet contents with the labs' theoretical definitions. Laboratories focus on the idea of innovation and service and public policy design, in which the large-scale participation of citizens is a motor for social change. They do this by activating communities and teams and using an experimental, creative approach in which digital technology and data are central elements.
Especially significant is the set of terms describing their main topics of interest. We have identified a plethora of themes including issues such as: -the challenges of the local, neighborhoods, cities and the world as a whole; -aid programs and project funding; -culture as a whole, with a particular interest in free access to culture and problems relating to copyright; -childhood; -justice; -smart technologies and robotics; -policies (vs the big idea of "politics"); -democracy as a whole; -business; -other specific problems, such as dementia.
If we compare these issues with those identified in the EC report, we observe that in general terms they are connected, although there are significant gaps such as: employment and growth, education, transportation and mobility.
The present study addresses an innovative way of participating in political life through innovation and social participation. Communication is critical in this new kind of relationship between public institutions and society. Therefore, content analysis and the visualization of the Twitter network allow us to obtain an overview that goes beyond theoretical approaches. As previously indicated, limitations derive from the fact that the agents under study have an unequal presence on Twitter. However, those that we could a priori consider to be more prominent are included in the analysis. The multiplicity of languages used by the labs makes content analysis difficult, which is why we have focused on English-language tweets, although this somewhat limits the Clusters are based on national and linguistic factors
